After successful trabeculectomy patients often com plain of reduction in vision even after several months.
Amongst other factors, corneal astigmatism appears to be altered. A pilot study measuring, pre-and post operative corneal topography indicated three types of astigmatic change: some patients develop a relative superior corneal steepening, others a superior flattening and yet others complex regional changes that do not conform to either of these patterns. The present study was designed to evaluate further these patterns of variation in corneal curvature and to look for corresponding refractive and keratometry changes.
Twenty-nine patients admitted for trabeculectomy had pre-operative assessment of subjective and automated refraction, manual keratometry and corneal topogra phy from which simulated keratometry values were calculated. A standard trabeculectomy procedure was performed and post-operative measurements of the same parameters were taken at 1 and 3 months after surgery. Similar patterns of corneal topographic change to those found in our pilot study were noted. In both the superior steepening and superior flattening groups there was an increase in vertical keratometry and a shift towards 'with-the-rule' astigmatism. Furthermore a 1 year analysis of 13 patients from our pilot study indicated that the topographic changes lasted for at least 12 months after surgery. We conclude that computer-assisted corneal topography reveals complex regional changes in corneal curvature that are not readily detected from alterations in refraction or keratometry. These changes are sufficiently great to have a significant effect on visual function in some patients.
Over the last few years several studies have suggested that early trabeculectomy may be super ior to medical therapy in the treatment of primary and showed a shift towards 'with-the-rule' astigma tism which returned to the pre-operative value by 10 months after surgery. Rosen et al. 5 , using computer assisted corneal topography, measured a post operative steepening in the vertical axis, and found that in many cases this steepening was greater than that suggested by keratome try.
A pilot study was carried out in this hospital by two of the authors (J.K.G. and A.K.B.) in 1992.
Twenty patients were enrolled and computerised corneal topography was performed before and after trabeculectomy. Three types of change emerged:
some subjects showed a superior corneal steepening, whereas others developed a superior corneal flatten
ing; yet other subjects had complex regional changes which did not conform to either of the two previous groups.
Having found that trabeculectomy had these varied effects on corneal topography, a study was designed to investigate whether the. changes observed were associated with corresponding, clini cally relevant, variations in refraction and kerato metry. 
PATIENTS AND METHODS

RESULTS
When the 1 month post-operative corneal topographic map was compared with the pre-operative map for each patient, similar patterns of change to those described in the pilot study were noted. The characteristics of each of the three groups are shown in Table I .
Some patients developed a superior corneal steepening. (Table II) .
Other subjects developed a superior corneal flattening as shown in Fig. 2 . In this case the flattening measured 0.7 dioptre at 1 month after surgery. The mean flattening for the 5 eyes displaying this pattern of change was 0.8 dioptre at 1 month and 0.7 dioptre at 3 months post-operatively (Table II) .
There was a significant difference in the change of the superior corneal curvature between the superior steepening and superior flattening groups (at 3 months: ANOV A for factor analysis p = 0.0001, Mann-Whitney V p<0.003).
Finally, in 10 of the 29 subjects there were complex regional variations in corneal topography which did not fit any particular pattern (Fig. 3) . These subjects could not be allocated to either the superior steepening or superior flattening groups. There was no difference in the average age, the number of right and left eyes, or the surgeon when the three groups were compared.
Having identified these patterns of post-operative topographic alteration within the superior cornea, the refraction and keratome try data were examined for comparable changes (Table II) Although the polar value showed a shift towards 'with-the-rule' astigmatism this was not significant.
There were similar changes in the calculated 
DISCUSSION
Computer-assisted corneal topography confirms that corneal curvature is affected by trabeculectomy.
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Hi 1 E SCape key 1 0 exi 1 1 0 s1em Menu. 298 although a smaller number of patients developed a superior corneal flattening. The associated changes in refractive and kerato metry data were complex and did not readily differentiate the two groups. In both groups there was a consistent trend towards an increase in the vertical keratometry reading. One might expect the superior flattening group to develop a decrease in the post-operative vertical keratometry reading. How ever, as shown in Fig. 2 , several subjects developed an inferior steepening coexistent with the superior flattening, resulting in an overall increase in the vertical keratometry value. The change in polar value indicated a shift towards 'with-the-rule' astigmatism in both groups. This was compatible with t.ke change in vertical keratometry, implying that both groups develop an overall steepening in the vertical meridian which occurred in either the superior or inferior region of the cornea.
Classification of patients into superior steepening and superior flattening patterns of topographic change probably oversimplifies what seems to be a complex regional change in corneal curvature and there were many different variations within these two broad categories. Furthermore an isolated steepening or flattening of the central cornea would be expected to affect vision as much as a change in superior or inferior corneal curvature by inducing an irregular astigmatism, uncorrectable by spherico cylindrical lenses.
Our data from Snellen acuity measurements indicated that only a minority of patients showed a post-operative deterioration in vision. However, Rosen et al. 5 found that of 6 patients with induced post-operative with-the-rule astigmatism, 4 lost at least one line of Snellen acuity. More sophisticated measurements of visual function with contrast sensitivity testing can detect changes in vision which are not evident from conventional high contrast Snellen acuity charts. 8 Furthermore patients do complain of a subjective change in vision despite no objective deterioration in best spectacle-corrected Snellen acuity. More detailed assessment of visual function with low-contrast sensitivity testing as well as patient questionnaires may clarify the clinical importance of the post operative changes in corneal topography demon strated.
In contrast to the findings of Cunliffe et al. 4 the results from our pilot study indicated that in some subjects the observed change in corneal curvature K. G. CLARIDGE ET AL.
lasted for over a year. The magnitude of these changes was sufficiently great in some patients to be expected to have a significant effect on vision.
The alteration in corneal topography may be related to several components of trabeculectomy surgery. A superior corneal steepening may arise from tissue contraction around the trabeculectomy site as a result of extensive scleral cautery. Alternatively overtight scleral flap sutures could lead to a with-the-rule shift in astigmatism in the same way that a tight cataract section causes corneal steepening. Rosen et al. 5 found that suture lysis did not prevent astigmatic change whereas scleral cautery was associated with corneal steepening in the post-operative period. If the scleral flap is loose, superior corneal flattening may develop from wound gape around the trabeculectomy site. A large drainage bleb or a post-operative ptosis could also lead to superior corneal flattening. It would be of interest to investigate how the above factors correlate with the changes in post-operative corneal curvature demonstrated in this study, in a larger series of patients.
